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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Si substrate in which it consists of Si single crystals and the substrate front face has the 
surface structure of 1x1 formed of an alkaline earth, rare earth (Sc and Y are included), and at least one 
kind of metal and oxygen of Zr and Hf. 

[Claim 2] Forming Si oxide layer in Si single crystal substrate front face, and heating in a vacuum after 
this Alkaline earth metal, rare earth (Sc and Y are included), and at least one kind of metal and the 
oxidizing gas of Zr and Hf are supplied to a front face. The surface treatment method of Si substrate 
characterized by making a substrate front face into the surface structure of lxl formed of an alkaline 
earth, rare earth (Sc and Y are included), and at least one kind of metal and oxygen of Zr and Hf. 
[Claim 3] the inside of the vacuum tub which introduced the oxidizing gas when forming the 
aforementioned Si oxide layer — Si single crystal substrate — 300-700 degrees C — heating — the surface 
treatment method of Si substrate of the claim 2 in a vacuum tub which sets the oxygen tension of the 
atmosphere near the substrate to 1x10 to 4 or more Torrs at least, and forms 0.2-10nm Si oxide layer 
[Claim 4] The metaled evaporation made into the purpose performs supply of the aforementioned metal, 
in the case of this evaporation, the substrate temperature of Si single crystal substrate is set as 600 
degrees C - 1200 degrees C, a oxidizing gas is introduced in this state, and it is the Si substrate surface 
treatment method of the claims 2 or 3 in a vacuum tub which set atmosphere near the Si single crystal 
substrate to 1 x 1 0-4 - 1 x 1 0- 1 Torr at least. 

[Claim 5] One Si substrate surface treatment method of the claims 2-4 which use the aforementioned Si 
single crystal substrate so that the (100) field may turn into a substrate front face. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the surface treatment method especially used for a 
process sensitive to the structure of the surface layer of a substrate, the substrate for epitaxial growth of 
oxide thin films, such as a high dielectric constant thin film to Si substrate top, a ferroelectric thin film, 
and a superconductivity thin film, and substrate pretreatment before an epitaxial growth process about Si 
substrate and its surface treatment method. 
[0002] 

[Description of the Prior Art] A semiconductor device, for example, the gate in SiFET used in DRAM, 
is usually polycrystal or an amorphous silicon 02 as an oxide film. A film is used and the MOS 
structure is constituted. Integration follows on progressing, a smaller thing is required and the size of an 
MOS capacitor is coming to the limitation by the present degree of integration. Si02 A dielectric 
constant is the dielectric which has a still bigger dielectric constant in order to be about 3 and to secure 
the charge for working the gate of FET with an MOS capacitor Si02 It must use instead and a good 
MOS property must be acquired. Si02 With Si, since it is congenial, it has been used for Si device in the 
state of [ amorphous ] polycrystal. However, Si02 It is difficult to secure the optimal device property 
and its repeatability in the state of [ amorphous ] polycrystal with substitute other material. The 
disturbance of the physical quantity by the grain boundary in the polycrystalline substance and the 
instability of the material physical-properties value in an amorphous state are considered to be the main 
causes, and it is Si02. The present condition is that substitute other material is not actually used for Si 
device. 

[0003] Therefore, Si02 Instead, with the single crystal, a dielectric constant is large and the dielectric 
thin film material which was excellent in the MOS (MIS) property is needed. By development of this 
dielectric thin film, it becomes realizable [ the dielectric separation IC by still higher LSI of a degree of 
integration, and SOI technology etc. / a SOI device ]. 

[0004] Moreover, the electron device which formed the ferroelectric film or the superconductivity film 
on Si substrate which is a semiconducting-crystal substrate, and was integrated is devised. By 
combining a semiconductor, a superconductor, or a ferroelectric, a nonvolatile memory, an infrared 
sensor, an optical modulator, optical-switch OEIC (opto-electronic integrated circuit : opto-electronic 
integrated circuits), etc. are made as an experiment in the combination of a semiconductor and a 
superconductor with semiconductors, such as SQUID, a Josephson device, a superconductivity 
transistor, an electromagnetic wave sensor, and the superconductivity wiring LSI, and the ferroelectric. 
[0005] In the semiconductor device using these superconductors material or ferroelectric material, in 
order to secure the optimal device property and its repeatability, it is required to use a single crystal as 
superconductor material and dielectric materials. In the polycrystalline substance, it is difficult to obtain 
a good device property because of the disturbance of the physical quantity by the grain boundary. This is 
the same also about a thin film material, and the superconductivity near the most perfect possible single 
crystal or a dielectric epitaxial film is desired. 
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[0006] It was reported that YSZ (material which made Zr02 dope Y and it was made to stabilize) of 
dielectric oxide material can grow epitaxially on Si single crystal in recent years. Since YSZ possesses 
high chemistry stability, the latus band gap (about 5eV), and the large dielectric constant (about 20), it is 
suitable for an MIS capacitor, still higher LSI of a degree of integration, and the SOI device. Various 
methods and composition have been considered about manufacture. For example, it is stated to 
Appl.Phys.Lett., Vol.53, No.16, and p.1506-08 (1988) using the YSZ oxide target that the epitaxial film 
of YSZ is obtained on Si (100) substrate by the ion beam spatter method. Moreover, the above Japanese 
Journal ofApplied It is said on Si (100) substrate Physics, Vol.27, No.8, and L1404-05 (1988) from the 
vacuum deposition which evaporates a YSZ pellet by the electron ray gun within the vacuum tub which 
introduced oxygen that the epitaxial film of YSZ is obtained. Furthermore, it is stated on Si (100) 
substrate by the laser ablation method for having used the YSZ target Appl.Phys.Lett, Vol.57, No.l 1, 
and p.l 137-39 (1990) that the epitaxial film of YSZ is obtained, furthermore - again - Thin Solid 
Films, 299, and 17-23 (1993) **** - it is stated on Si (100) substrate by the reactant magnetron 
sputtering method using the target which carried Y pieces on Metal Zr that the epitaxial film of YSZ is 
obtained 

[0007] Moreover, the method of carrying out a crystal growth on Si substrate is examined also about 
oxides superconductors and the ferroelectric. The crystal structure of the main oxides superconductors 
and ferroelectrics which are applicatively worthy has taken the perovskite structure. Now, it is 
impossible for epitaxial growth of a perovskite type oxide to be greatly dependent on the material and 
crystal orientation of a substrate, and to grow a perovskite type oxide epitaxially directly to up to Si 
substrate. Then, it is Appl.Phys.Lett., Vol.54, No.8, p.754-p.756 (1989), and Japanese that you prepare 
the buffer layer which grew epitaxially to Si, and a perovskite type oxide makes it grow epitaxially on it. 
Journal ofApplied It is stated to Physics, Vol.29, No.9, L955-57 (1990), and JP,2-82585,A. 
[0008] The crystal growth of the oxide epitaxial film of such a dielectric and a superconductor, and a 
ferroelectric is carried out on Si substrate, and it is processed according to semiconductor processes, 
such as electrode formation and micro processing. By combining a semiconductor device and an oxide 
epitaxial film, SOI devices, such as the dielectric separation IC by still higher LSI and SOI technology, 
SQUID, the Josephson device, the superconductivity transistor, the electromagnetic wave sensor and the 
superconductivity wiring LSI, a nonvolatile memory, an infrared sensor, an optical modulator, optical- 
switch OEIC, etc. of a degree of integration can be manufactured. Since the epitaxial film of an oxide 
does not have the disturbance of physical quantity, such as a grain boundary, it demonstrates a good 
function by each application. 

[0009] In the front face of Si single crystal, it is Si02 in air. The natural oxidation film is formed. If this 
natural oxidation film exists, the crystal information on Si substrate will not get across to a film, but 
epitaxial growth will become impossible. 

[0010] Then, by the above-mentioned method, processing for acquiring the pure side of Si is performed 
first. 

[001 1] It etches as a method, rotating a substrate. A substrate is rotated in nitrogen-gas-atmosphere 
mind, and a rinse is carried out in high grade alcohol. Then, the solution of HF of a high grade, ethanol, 
and pure water (1:10:1) is dropped altogether, and it ********** s . This substrate is put into the glove 
box of nitrogen-gas- atmosphere mind, and is transported, and membrane formation equipment is 
equipped quickly. Furthermore, a vacuum tub is made into the temperature which exhausts to the high 
vacuum of 1x10 to 6 or more Torrs, heats, and forms membranes. In order to prevent contamination on 
the front face of a substrate at this process, it is made to keep the inside of a vacuum tub as pure as 
possible. In an above-mentioned example, a ******** Si substrate is used for epitaxial growth in 
cautions in this way, and the process is very complicated. Moreover, the method of inserting an interface 
control layer as other methods, in order to pull out the crystal information on Si in early stages of 
membranous growth is Japanese. Journal of Applied It is shown in Physics, Vol.30, and L1415-1417 
(1991). also in this method, processing conditions are alike, and it is sensitive, and is complicated and is 
[ epitaxial growth of an oxide is realized only by the optimal processing, and ] lacking in repeatability 
[0012] Moreover, generally the elevated temperature of 700 degrees C or more is required for epitaxial 
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growth of an oxide. Si front face which it defecated as mentioned above is rich in reactivity, it is 700 
degrees C or more in the above-mentioned temperature, and residual gas especially a hydrocarbon, and a 
reaction are caused in a vacuum, by forming SiC in a front face, a substrate front face is polluted and the 
crystal on the front face of a substrate is confused. On disordered Si substrate front face, crystal 
information does not get across to a film enough, but epitaxial growth becomes impossible. 

[° 013 ] . * ■ • , f -a ■* ■ 

[Problem(s) to be Solved by the Invention] Then, on the occasion of epitaxial growth ot an oxide, it is a 

membrane formation temperature field and this invention aims at offering Si substrate which plays the 
role told to the oxide film into which the structure on the front face of Si is stable, and crystal structure 
information is grown up, is reproducible, and is excellent in mass-production nature, and its surface 
treatment method. 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - (5). 

(1) Si substrate in which it consists of Si single crystals and the substrate front face has the surface 
structure of lxl formed of an alkaline earth, rare earth (Sc and Y are included), and at least one kind of 
metal and oxygen of Zr and Hf. 

(2) forming Si oxide layer in Si single crystal substrate front face, and heating in a vacuum after this 
Alkaline earth metal, rare earth (Sc and Y are included), and at least one kind of metal and the oxidizing 
gas of Zr and Hf are supplied to a front face. The surface treatment method of Si substrate characterized 
by making a substrate front face into the surface structure of lxl formed of an alkaline earth, rare earth 
(Sc and Y are included), and at least one kind of metal and oxygen of Zr and Hf. 

(3) the inside of the vacuum tub which introduced the oxidizing gas when forming the aforementioned 
Si oxide layer -- Si single crystal substrate -- 300-700 degrees C - heating - the surface treatment 
method of Si substrate the above in a vacuum tub (2) which sets the oxygen tension of the atmosphere 
near the substrate to 1x10 to 4 or more Torrs at least, and forms 0.2-10nm Si oxide layer 

(4) evaporation of the metal which targets supply of the aforementioned metal ~ carrying out - the time 
of this evaporation ~ the substrate temperature of Si single crystal substrate ~ 600 degrees C - 1200 
degrees C - setting up ~ this state - a oxidizing gas - introducing ~ the above in a vacuum tub (2) 
which sets atmosphere near the Si single crystal substrate to 1x10-4 - lxlO-lTorr at least, or the Si 
substrate surface treatment method of (3) 

(5) One Si substrate surface treatment method of above-mentioned (2) - (4) which uses the 
aforementioned Si single crystal substrate so that the (100) field may turn into a substrate front face. 

[Function and Effect of the Invention] Si substrate by this invention has the surface structure of lxl in 
which the substrate front face was formed of an alkaline earth, rare earth (Sc and Y are included), and at 
least one kind of metal and oxygen of Zr and Hf in view of Si front face being rich [ reactivity ], and 
unstable, without exposing the crystal front face of Si. Moreover, on the occasion of epitaxial growth of 
an oxide, it is flat and a crystal front face with sufficient periodicity appears, and this front face is a 
membrane formation temperature field, and since structure is stable, it tells crystal structure information 
good to the oxide film to grow up. By using this substrate, it becomes possible to manufacture the oxide 
epitaxial film which was excellent in crystallinity and front-face nature on this substrate with sufficient 
repeatability. Since especially the surface structure of the substrate considered in an oxide epitaxial film 
crystal when the bulk crystal structure is cut turns into lxl structure, it is thought that it becomes 
possible to perform [ make / make / it ] epitaxial growth good also from this point. 
[0016] 

[Elements of the Invention] Si substrate of this invention consisted of Si single crystals, and the 
substrate front face was formed of an alkaline earth, rare earth (Sc and Y are included), and at least one 
kind of metal and oxygen of Zr and Hf - it has the surface structure of lxl substantially 
[0017] The pattern of the image by the reflective high-speed electron diffraction (RHEED is called 
below Reflection High Energy Electron Diffraction :) can investigate a surface structure. For example, 
when this invention is the surface structure of lxl made into the purpose, the direction of electron ray 
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incidence serves as a perfect streak pattern of the 1 time period CI as shown in (a) of drawing 1 by 
ri 10] and serves as the pattern completely same as for [1-10] in the direction of incidence. On the other 
hand Si single crystal clean surface serves as 1x2, 2x1, or 1x2 and the surface structure in which 2x1 is 
intermingled. In such a case, the pattern of a RHEED image turns into a pattern with me 1 time penod 
CI as shown in (b) of drawing 1 by the direction of incidence of an electron ray [1 10], either of [1-10], 
or both and the double-precision period C2. the surface structure of lxl of this invention - setting - the 
pattern of Above RHEED - seeing -- the direction of incidence - [110] and [1-10] -- it is both and the 
double-precision period C2 of (b) of drawing 1 is not seen In addition, the information on the thickness 
about a front face 1 - a number atom is acquired from RHEED. 

[0018] Moreover, Si clean surface may show lxl structure. The thing with the conditions indefinite 
although our experiment was also observed several times which show lxl acquired with stably 
sufficient repeatability for lxl in respect of Si pure is impossible in the present condition. 
[0019] 1x2, 2x1, and lxl - it is easy to be polluted with an elevated temperature among a vacuum, and 
Si pure side of which structure reacts with the hydrocarbon contained especially in residual gas, and 
forms SiC in a front face, and the crystal on the front face of a substrate is confused Therefore, the 
former was impossible for forming stably lxl structure where it was suitable when carrying out the 
crystal growth of the oxide film on Si substrate. 

[0020] The front face which shows the surface structure of lxl of this invention is formed of the 
interaction of M, oxygen, and Si in the above-mentioned alkaline earth, rare earth (Sc and Y are 
included) and at least one kind of metal of Zr and Hf. Without being polluted in an elevated temperature 
and a vacuum, this front face is stable and the optimal as a substrate to which the crystal growth of the 
oxide is carried out. 

[0021] The quantitative ratio when using two or more sorts out of the above as a metal M is arbitrary. 
[0022] In addition, the above-mentioned alkaline earth metal shows Calcium calcium, Strontium Sr, 
Barium Ba, Radium Ra, Beryllium Be, and Magnesium Mg. Moreover, the rare earth metal shows 
Yttrium Y, Lanthanum La, Cerium Ce, Praseodymium Pr, Neodymium Nd, Promethium Pm, Samarium 
Sm, Europium Eu, Gadolinium Gd, Terbium Tb, Dysprosium Dy, Holmium Ho, Erbium Er, Thulium 
Tm, Ytterbium Yb, Lutetium Lu, and Scandium Sc. 

[0023] Si substrate of this invention ~ the substrate front face ~ composition Zrl-x Rx 02-delta (the 
rare earth metal in which it is here and R contains Y - it is - x=0-0.75 - it is 0.2-0.50 preferably) 
Moreover, delta is usually 0-0.5. And epitaxial films, such as a perovskite, can be grown good. 
[0024] With the epitaxial film which has the above-mentioned perovskite structure Specifically High- 
temperature superconductivity films, such as Bi system oxide superconductivity film and a YBa2 Cu3 
07-8 superconductivity (YBCO) film, Ferroelectric films, such as BaTi03, PbTi03, PZT, PLZT, other 
Pb system perovskites, other Bi system perovskites, and Bi stratified compound, and a further Lal-x Srx 
Co03 and Lal-x Srx Cax Ru03 etc. - an oxide electric conduction film is mentioned Moreover, it is 
suitable also as a substrate for film growth of semiconductors, such as In 203 (Sn dope), other oxide 
electric conduction films, Pt, Si and germanium, and GaAs, or metal. 
[0025] Next, the Si substrate surface treatment method of this invention is explained. 
[0026] First ' Si oxide layer is formed on Si single crystal substrate. It is desirable to perform formation 
of this Si oxide layer by the so-called oxidizing [ thermally ] method which arranges Si single crystal 
substrate which defecated the substrate front face in a vacuum tub, heats, introducing a oxidizing gas, 
and is performed. Since the substrate front face of Si single crystal substrate which it defecated is 
extremely rich in reactivity as described above, it protects Si single crystal substrate front face from a 
rearrangement, contamination, etc., using this as a protective coat. As a substrate front face of Si single 
crystal substrate, it is desirable to use a field (100). As for especially the thickness of the above- 
mentioned Si oxide layer, it is desirable to be referred to as 0.5-10nm about 0.2-10nm. 0. In less than 
2nm, it is because protection of Si front face is imperfect. The reason for having set the upper limit to 
lOnm is mentioned later. 

[0027] In formation of Si oxide layer by this process, in order to remove Si oxide film at a next process, 
Si oxide film must be thin, and you must be Si oxide film which continued since it was necessary to 
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protect Si substrate crystal. 

[0028] Therefore, the above-mentioned method is desirable. In formation of other methods, for example, 
the method by the natural oxidation film, and Si oxide by sputtering, since a film is formed in the shape 
of an island when thickness is thin, protection of Si substrate crystal may become imperfect. 
[0029] as the above-mentioned oxidizing gas — oxygen, ozone, atom-like oxygen, and N02 etc. — it can 
use For example, when using oxygen as a oxidizing gas, it is desirable for introduction of this oxygen to 
make the inside of a vacuum tub the vacuum of about 1x10-7 to 1x10 to 4 Torrs at the beginning, and to 
perform it by [ as setting the atmosphere near the Si single crystal substrate to 1x10 to 4 or more Torrs at 
least ] by introduction of oxygen. Although there may not be especially an upper limit of the oxygen 
tension of this atmosphere and you may be pure oxygen and air, about 1x10 to 1 or less Torr is 
preferably good. 

[0030] It is desirable to hold especially the above-mentioned heating to the temperature of 500-700 
degrees C about 0 to 10 minutes, and to perform it to it 300-700 degrees C. As for a programming rate, 
at this time, it is desirable to carry out in about 30-70 degrees C/minute. If temperature is too high, or 
formation of Si oxide film will become inadequate if a programming rate is too early, and the holding 
time is too long in temperature being too low conversely, Si oxide film will be too thick. 
[0031] Formation of Si oxide layer is Si02 besides the above-mentioned oxidizing [ thermally ] method. 
Although it can carry out by the target, a spatter, a vacuum deposition to be used, etc., as mentioned 
above, it is thin and the continuous protective coat is desirable. 

[0032] It heats to temperature predetermined in the inside of a vacuum further after the above-mentioned 
process. Since Si surface crystal is protected by the protective coat, it reacts with the hydrocarbon which 
is residual gas, and does not have contamination of a SiC film being formed. 

[0033] As for heating temperature, it is desirable to make 1200 degrees C into 700 to 1 100 degrees C 
preferably from 600 degrees C. If it is less than 600 degrees C, lxl structure mentioned later may not no 
longer be acquired. When it is 1200 degrees C or more, Si crystal may be confused by evaporation of a 
protective coat and Si. 

[0034] Subsequently, alkaline earth metal, rare earth (Sc and Y are included), and at least one kind of 
metal and the oxidizing gas of Zr and Hf are supplied to a front face. A metal returns and removes the 
protective coat by Si oxide formed at the last process in this process. The surface structure of lxl is 
formed in Si surface crystal front face exposed simultaneously of alkaline earth metal, rare earth (Sc and 
Y are included), and at least one kind of metal and oxygen of Zr and Hf. The above-mentioned thing can 
be used as a oxidizing gas. 

[0035] The metaled amount of supply is alkaline earth metal, rare earth (Sc and Y are included), and 
oxide conversion of Zr and Hf, and its about 3-7nm is especially desirable 0.3-10nm per unit area. 0. if 
the effect of reduction of Si oxide cannot fully demonstrate but exceeds lOnm in less than 3nm — a front 
face — the irregularity of atomic level — generating — being easy — the array which is a surface crystal is 
because it is no longer lxl structure by irregularity In addition, the reason for having set the desirable 
value of the upper limit of the thickness of the above-mentioned Si oxide layer to lOnm is that 
possibility that it becomes impossible to fully return Si oxide layer will come out even if it supplies a 
metal as mentioned above if it exceeds lOnm. In addition, it is thought that the layer containing the 
aforementioned metaled metal according to the amount of supply and aforementioned metaled oxygen is 
formed in a front face. 

[0036] When using oxygen, as for introduction of a oxidizing gas, it is desirable to make it the oxygen 
tension of the atmosphere near the substrate set to about 1x10-4 to 1x10 to 1 Torr at least. As for the 
optimal oxygen supply, it is good for it to be decided by the size of a vacuum tub and the factor of a 
pumping speed and others, and to calculate the optimal flow rate beforehand, and it is desirable to 
supply about 2-5 Occ /a minute. 

[0037] It enables the oxide epitaxial film which was excellent in crystallinity and front- face nature on 
this substrate and which was mentioned above to manufacture Si surface treatment substrate obtained as 
mentioned above with sufficient reappearance. 
[0038] 
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[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0039] As an Si single crystal substrate, cutting and Si single crystal which carried out mirror polishing 
were used so that the front face might turn into a field (100). The mirror-plane front face performed 
etching washing by ammonium-fluoride solution after [ purchase ] 40%. In addition, the circular 
substrate with a diameter of 2 inches was used for the above-mentioned single crystal substrate. 
[0040] After fixing the above-mentioned single crystal substrate to the substrate electrode holder 
equipped with the rotation and the heating mechanism which were installed in the vacuum tub and 
exhausting a vacuum deposition tub with an oil diffusion pump to 10-6Torr, in order to set the oxygen 
tension of the atmosphere near the substrate to about 10 to 2 Torrs, oxygen was introduced by ten cc 
flow rate for /, and this state was maintained till the process end. The substrate was rotated and it heated 
at 600 degrees C. A rotational frequency is 20rpm. It carried out. Here, it held for 5 minutes and the 
protective coat by Si oxide was formed in Si front face. The thickness was 0.8nm. Then, substrate 
temperature was heated at 900 degrees C in the state. Sr (alkaline earth metal) as an example 2 as an 
example 1 subsequently, Gd (rare earth metal) As an example 4, convert Sr and Zr into the thickness of 
each metallic oxide of these from an evaporation source by the quantitative ratio (weight ratio) 1:1 as an 
example 5, respectively, and 5nm of metals Hf is supplied, as an example 3 — Metal Zr — An example 1 
or Si surface treatment substrate of 5 equipped with the surface structure of lxl was obtained, 
respectively. 

[0041] The RHEED image which measured the front face about these examples 1 or Si surface treatment 
substrate of 5 is shown in drawing 2 or 6. Although these were measured in the direction of incidence of 
an electron ray [110], even if measured in the direction of incidence [1-10], it was the completely same 
pattern. Si front face of 2x1 structure where drawing 7 does not process this invention for comparison, 
and drawing 8 are the RHEED patterns when making the above-mentioned heating temperature into 200 
degrees C, and show the RHEED image on the front face of Si on which the front face was in disorder. 
In drawing 7 , the complicated pattern with the big unit mesh of 2x1 of super-structure has appeared. It 
turns out that the reflective pattern by SiC is observed, Si front face is polluted with drawing 8 , and Si 
crystal front face is in disorder. Super-structure, the contamination by SiC, etc. are not seen by the 
RHEED pattern of 6 from drawing 2 by this invention, but only the streak pattern of lxl is observed, 
and it is checked that Si surface treatment substrate which carried out the stable surface structure of lxl 
is obtained. 

[0042] The RHEED pattern on the front face of a film which grew epitaxially YSZ which is dielectric 
materials into Si processing substrate using Zr shown by drawing 4 as an example by the vacuum 
deposition is shown in drawing 9 on Si surface treatment substrate by this invention* A diffraction 
pattern is sharp, and since it has become streak-like, a YSZ dielectric film is a single crystal and it turns 
out that the front face is flat. As compared with the RHEED pattern of the YSZ epitaxial film on Si by 
the example of comparison mentioned above, streak nature is extremely strong. The crystallinity of the 
epitaxial film of the conventional YSZ and front-face nature are a book. In addition, when the 
experiment with the same said of alkaline earth metal other than Sr and rare earth metals other than Gd 
was conducted, the surface structure of lxl formed of those metals and oxygen on Si single crystal 
substrate was obtained. Moreover, when YSZ was grown up on the substrate front face using Si 
substrate which has these surface structures of lxl, and Si substrate of examples 1, 2, 4, and 5, the good 
epitaxial film was obtained like the above. 
[0043] 

[Effect of the Invention] As explained above, as for Si surface treatment substrate by this invention, Si 
front face has the surface structure of lxl formed of an alkaline earth, rare earth (Sc and Y are 
included), and at least one kind of metal and oxygen of Zr and Hf, as for Si surface treatment substrate 
of this invention. On this front face, the structure on the front face of Si is stable, and plays the role told 
to the oxide film into which crystal structure information is grown up. When it is with this substrate, the 
oxide epitaxial film which was excellent in crystallinity and front-face nature on this substrate is enabled 
to manufacture with sufficient reappearance, and utility value is industrial very high. 
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3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] A semiconductor device, for example, the gate in SiFET used in DRAM, 
is usually polycrystal or an amorphous silicon 02 as an oxide film. A film is used and the MOS 
structure is constituted. Integration follows on progressing, a smaller thing is required and the size of an 
MOS capacitor is coming to the limitation by the present degree of integration. Si02 A dielectric 
constant is the dielectric which has a still bigger dielectric constant in order to be about 3 and to secure 
the charge for working the gate of FET with an MOS capacitor Si02 It must use instead and a good 
MOS property must be acquired. Si02 With Si, since it is congenial, it has been used for Si device in the 
state of [ amorphous ] polycrystal. However, Si02 It is difficult to secure the optimal device property 
and its repeatability in the state of [ amorphous ] polycrystal with substitute other material. The 
disturbance of the physical quantity by the grain boundary in the polycrystalline substance and the 
instability of the material physical-properties value in an amorphous state are considered to be the main 
causes, and it is Si02. The present condition is that substitute other material is not actually used for Si 
device. 

[0003] Therefore, Si02 Instead, with the single crystal, a dielectric constant is large and the dielectric 
thin film material which was excellent in the MOS (MIS) property is needed. By development of this 
dielectric thin film, it becomes realizable [ the dielectric separation IC by still higher LSI of a degree of 
integration, and SOI technology etc. / a SOI device ]. 

[0004] Moreover, the electron device which formed the ferroelectric film or the superconductivity film 
on Si substrate which is a semiconducting-crystal substrate, and was integrated is devised. By 
combining a semiconductor, a superconductor, or a ferroelectric, a nonvolatile memory, an infrared 
sensor, an optical modulator, optical-switch OEIC (opto-electronic integrated circuit : opto-electronic 
integrated circuits), etc. are made as an experiment in the combination of a semiconductor and a 
superconductor with semiconductors, such as SQUID, a Josephson device, a superconductivity 
transistor, an electromagnetic wave sensor, and the superconductivity wiring LSI, and the ferroelectric. 
[0005] In the semiconductor device using these superconductors material or ferroelectric material, in 
order to secure the optimal device property and its repeatability, it is required to use a single crystal as 
superconductor material and dielectric materials. In the polycrystalline substance, it is difficult to obtain 
a good device property because of the disturbance of the physical quantity by the grain boundary. This is 
the same also about a thin film material, and the superconductivity near the most perfect possible single 
crystal or a dielectric epitaxial film is desired. 

[0006] It was reported that YSZ (material which made Zr02 dope Y and it was made to stabilize) of 
dielectric oxide material can grow epitaxially on Si single crystal in recent years. Since YSZ possesses 
high chemistry stability, the large band gap (about 5eV), and the large dielectric constant (about 20), it is 
suitable for an MIS capacitor, still higher LSI of a degree of integration, and the SOI device. Various 
methods and composition have been considered about manufacture. For example, it is stated to 
Appl.Phys.Lett., Vol.53, No.16, and p.1506-08 (1988) using the YSZ oxide target that the epitaxial film 
of YSZ is obtained on Si (100) substrate by the ion beam spatter method. Moreover, the above Japanese 
Journal ofApplied It is said on Si (100) substrate Physics, Vol.27, No.8, and L1404-05 (1988) from the 
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vacuum deposition which evaporates a YSZ pellet by the electron ray gun within the vacuum tub which 
introduced oxygen that the epitaxial film of YSZ is obtained. Furthermore, it is stated on Si (100) 
substrate by the laser ablation method for having used the YSZ target Appl.Phys.Lett, Vol.57, No.l 1, 
and p.l 137-39 (1990) that the epitaxial film of YSZ is obtained, furthermore - again - Thin Solid 
Films, 299, and 17-23 (1993) **** it is stated on Si (100) substrate by the reactant magnetron 
sputtering method using the target which carried Y pieces on Metal Zr that the epitaxial film of YSZ is 
obtained 

[0007] Moreover, the method of carrying out a crystal growth on Si substrate is examined also about 
oxides superconductors and the ferroelectric. The crystal structure of the main oxides superconductors 
and ferroelectrics which are applicatively worthy has taken the perovskite structure. Now, it is 
impossible for epitaxial growth of a perovskite type oxide to be greatly dependent on the material and 
crystal orientation of a substrate, and to grow a perovskite type oxide epitaxially directly to up to Si 
substrate. Then, it is Appl.Phys.Lett., Vol.54, No. 8, p.754-p.756 (1989), and Japanese that you prepare 
the buffer layer which grew epitaxially to Si, and a perovskite type oxide makes it grow epitaxially on it. 
Journal of Applied It is stated to Physics, Vol.29, No.9, L955-57 (1990), and JP,2-82585,A. 
[0008] The crystal growth of the oxide epitaxial film of such a dielectric and a superconductor, and a 
ferroelectric is carried out on Si substrate, and it is processed according to semiconductor processes, 
such as electrode formation and micro processing. By combining a semiconductor device and an oxide 
epitaxial film, SOI devices, such as the dielectric separation IC by still higher LSI and SOI technology, 
SQUID, the Josephson device, the superconductivity transistor, the electromagnetic wave sensor and the 
superconductivity wiring LSI, a nonvolatile memory, an infrared sensor, an optical modulator, optical- 
switch OEIC, etc. of a degree of integration can be manufactured. Since the epitaxial film of an oxide 
does not have the disturbance of physical quantity, such as a grain boundary, it demonstrates a good 
function by each application. 

[0009] In the front face of Si single crystal, it is Si02 in air. The natural oxidation film is formed. If this 
natural oxidation film exists, the crystal information on Si substrate will not get across to a film, but 
epitaxial growth will become impossible. 

. [0010] Then, by the above-mentioned method, processing for acquiring the pure side of Si is performed 
first. 

[001 1] It etches as a method, rotating a substrate. A substrate is rotated in nitrogen-gas-atmosphere 
mind, and a rinse is carried out in high grade alcohol. Then, the solution of HF of a high grade, ethanol, 
and pure water (1:10:1) is dropped altogether, and it ********** St This substrate is put into the glove 
box of nitrogen-gas-atmosphere mind, and is transported, and membrane formation equipment is 
equipped quickly. Furthermore, a vacuum tub is made into the temperature which exhausts to the high 
vacuum of 1x10 to 6 or more Torrs, heats, and forms membranes. In order to prevent contamination on 
the front face of a substrate at this process, it is made to keep the inside of a vacuum tub as pure as 
possible. In an above-mentioned example, a ******** si substrate is used for epitaxial growth in 
cautions in this way, and the process is very complicated. Moreover, the method of inserting an interface 
control layer as other methods, in order to pull out the crystal information on Si in early stages of 
membranous growth is Japanese. Journal of Applied It is shown in Physics, Vol.30, and L1415-1417 
(1991). also in this method, processing conditions are alike, and it is sensitive, and is complicated and is 
[ epitaxial growth of an oxide is realized only by the optimal processing, and ] lacking in repeatability 
[0012] Moreover, generally the elevated temperature of 700 degrees C or more is required for epitaxial 
growth of an oxide. Si front face which it defecated as mentioned above is rich in reactivity, it is 700 
degrees C or more in the above-mentioned temperature, and residual gas especially a hydrocarbon, and a 
reaction are caused in a vacuum, by forming SiC in a front face, a substrate front face is polluted and the 
crystal on the front face of a substrate is confused. On disordered Si substrate front face, crystal 
information does not get across to a film enough, but epitaxial growth becomes impossible. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the ** type view showing the RHEED pattern of the surface structure of 1x1, and (b) 
is the ** type view showing the RHEED pattern of a surface structure in case 2x1, 1x2, or these are 
being mixed. 

[Drawing 2] It is the drawing substitution photograph in which the surface crystal structure of Si 
substrate of the example 1 of this invention which has the surface structure of lxl formed of Sr metal 
and oxygen is shown, and is a diffraction pattern at the time of a RHEED pattern being shown and 
carrying out [ of Si single crystal substrate ] incidence of the electron ray from [110]. 
[Drawing 3] It is the drawing substitution photograph in which the surface crystal structure of Si 
substrate of the example 2 which has the surface structure of lxl formed of Gd metal and oxygen is 
shown, and is a diffraction pattern at the time of a RHEED pattern being shown and carrying out [ of Si 
single crystal substrate ] incidence of the electron ray from [110]. 

[Drawing 4] It is the drawing substitution photograph in which the surface crystal structure of Si 
substrate of the example 3 which has the surface structure of lxl formed of Zr metal and oxygen is 
shown, and is a diffraction pattern at the time of a RHEED pattern being shown and carrying out [ of Si 
single crystal substrate ] incidence of the electron ray from [110]. 

[Drawing 51 It is the drawing substitution photograph in which the surface crystal structure of Si 
substrate of the example 4 which has the surface structure of lxl formed of Hf metal and oxygen is 
shown, and is a diffraction pattern at the time of a RHEED pattern being shown and carrying out [ of Si 
single crystal substrate ] incidence of the electron ray from [110]. 

[Drawing 6] It is the drawing substitution photograph in which the surface crystal structure of Si 
substrate of the example 5 which has the surface structure of lxl formed of Sr metal, Zr metal, and 
oxygen is shown, and is a diffraction pattern at the time of a RHEED pattern being shown and carrying 
out [ of Si single crystal substrate ] incidence of the electron ray from [110]. 
[Drawing 7] It is the drawing substitution photograph in which the surface crystal structure of Si 
substrate front face of 2x1 structure of the example of comparison where this invention is not processed 
is shown, and is a diffraction pattern at the time of a RHEED pattern being shown and carrying out [ of 
Si single crystal substrate ] incidence of the electron ray from [110]. 

[Drawing 8] Si — formation — 200 — degree C — having carried out — a case — others — comparison — 
an example — depending ~ Si — a substrate -- a front face — a front face — the crystal structure — being 
shown — a drawing — substitution — a photograph — it is — a front face — having been confused — Si — a 
front face — RHEED — an image — being shown — Si — a single crystal — a substrate — [— 110 — ] — a 
direction — from — an electron ray — incidence — having carried out — an 

[Drawing 9] It is a RHEED pattern on the front face of a film which grew epitaxially YSZ which is a 
dielectric thin film using Si substrate of this invention, and is a diffraction pattern at the time of carrying 
out [ of Si single crystal substrate ] incidence of the electron ray from [110]. 
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